Metaphase chromosomes from leukocyte cultures of Indian subjects have been measured. Mean length index and arm ratios compare well with figures from other parts of the world-except chromosome No. 2 which in a large percentage of cases is longer than Ch: No. 1. The fallacies involved in measuring and basing correlations on these are discussed.
Introduction
The characteristics of the normal human karyotype are now well established and it is an accepted fact that there is very little difference between karyotypes of different races. What then is our purpose in studying the Indian karyotype? To the best of our know ledge normal Indian karyotype has not been studied. Even a random sampling is not available. Perhaps the reason for this is that over the past couple of years only, there has appeared the beginning of an awareness of the importance of this field to medicine and research, perhaps too, to the sophisticated apparatus and technique required and the paucity of interested investigators.
Since chromosome analysis is done in this loboratory as a research project, we felt that a survey of the Indian population to obtain their indices, though time consuming, could well be a worthwhile contribution to literature that already exists on the subject for the European peoples. Hence, the fact that no new con tribution can be made to karyotype in general, cannot detract from the usefulness of the project. As the data is factual the basis of this work will be comparison of a set of measurement from Indians with those of different races, published by others. 
Discussion
The refinement of tissue culture techniques, the discovery of the use of colchicine for mitotic arrest (Tjio and Levan 1956, Ford and Hamerton 1956 ) and hypotonic treatment for delineation of chromosome morphology (Hsu 1952) have established the modal number of chromosomes for human beings as 46, thus confirming the first published report of Tjio and Levan (1956) . The vast number of analysis done so far have proved beyond doubt that there is no difference in number from race to race. Kodani (1957) is the only author who has claimed to have found 3 modal numbers of 46, 47, 48 in a small Japanese group. This, however, stands contradicted by Makino and Sasaki (1959) also working with the Japanese population.
The characteristic features of the different chromosomes like the position of the centromere, secondary constrictions, satellites and their lengths are so constant that it was possible to establish a karyogram for the entire human race. The international conventions at Denver (1960) and London (1963) while accepting this, have evolved a common nomenclature.
If it is unquestioningly accepted that the karytypes of different races is identical then an attempt to look for any differences is futile. But if we proceed on the assumption that there could be minor differences, then a search becomes meaningful.
Evidence of polymorphism of chromosome num ber and morphology in two mammalian species, Gerbillus pyramidum and Sorex areneus (Wahrman and Zohavi 1955, Ford, Hamerton and Sharman 1957) seems to lend enough justification to the survey.
Even minor changes in the phenotype of the Diptera have been identified on the giant chromosomes of Drosophila.
Similar changes could probably be identified in man and other mammals.
The great phenotypic variation in different peoples of the world is definitely genetic in origin and could thus be seen as chromosomal variation.
Perhaps, newer discoveries and refinements of technique will lead in course of time to the identification of such changes in chromosomes . Though we have come a long way from the squash techniques of the fifties , the fact remains that even these refinements of technique are inadequate to identify such small chromosomal variation.
Despite this , Cohen, Shaw and MacCluer (1966) have shown that the Japanese Y chromosome has a greater mean length than others, while Van Wijck et al. (1962) and Makino and Takagi (1965) found the Y chromosome to vary in length in the same individual .
With the present limitations of technique , what are the differences that can be expected? From the large number of published reports , it is evident that differences in modal number and gross morphology do not exist. Minor features like secondary constrictions or variation of length and arm indices may be expected.
Of these minor differences , length measurements are the most amenable to analysis and it is this aspect that has been attempted.
Length measurements of human chromosomes were first reported by Tjio and Puck (1958) later Chu and Giles (1959) , Levan and Hsu (1959) , Lejeune, Turpin and Gautier (1959) . includes figures from Jacob and Hamden, Fraccaro and Lindsten (unpublished).
Doubt was cast very early on the reliability of length measurement. Notably Patau (1961) was highly critical.
It may be mentioned here that Patau's (1960) classification of chromosomes and that proposed by the Denver convention (1960) are identical save for the alphabetical grouping A-G of the former as against numbering of the latter.
Patau's objection to length measurements are that it is fraught with many pitfalls. The chromosomes undergo various degrees of shrinkage and even two homologues in the same cell many undergo differential contraction, not forgetting, the inherent variation in length that is always present in different cells. Besides, the centromere and ends of chromosomes are not clearly defined to enable accurate measure ments. These inherent difficulties so enhance the degree of variability that any attempt to base conclusions on measurements alone is bound to be misleading.
Although the present authors are inclined to view Patau's stand as most valid, it is felt that now at best, length measurement is the only feature which seems to hold out any hope for comparisons.
Puck (1962), Ford (1962) in reply to Patau, state that measurements are not as unreliable provided certain precautions are taken.
They feel that if identical techniques are used in culturing, colchicine treatment, spreading and measurement then the figures obtained can be compared, as errors, if any, would be common to all pre parations.
In spite of Patau's objections, statistically significant figures could be obtained if a very large number of measurements were available. For such a large number of chromosomes to be measured the process becomes too tedious and time consuming, making computerization the ideal solution. Ruddle (1964) using computer analysis states that "important information regarding Karyotypic characteristics can be derived by means of quantitative analysis of arm length data".
Measurements published so far have been obtained both by camera lucida drawings and photomicrography.
The former is perhaps the more accurate wider population. Besides, care was taken to select for measurement chro mosomes that appeared to be in the same phase of division , prometaphase and late metaphase chromosomes being rejected.
Coming to our measurements themselves it is seen that our mean values are comparable to previous means but as is apparent our range is wider both on the minimum and maximum sides. As we have maintained absolute uni formity in all our methods this large range is surprising.
However , this lends more weight to Patau's (1961) contention of differential contraction and also to the presence of inherent variation from cell to cell. Now, according to Denver convention the length indices fall in a descending order.
A glance at previous table of measurement shows, that a descending order is maintained, while our table of measurement does not conform to this feature.
The slight discrepancy seen in the 6-12+X group in our figures could be because we had made the enlarged Karyograms by sight first of all, later measured them. In spite of it, we may reasonably point out that no error of great significance has been made in the grouping.
As we have been able to measure the short arms in G group chromo somes without much difficulty, our arm ratio for the Y chromosome is not infinity as reported by earlier authors (Tjio and Puck 1958 , Chu and Giles 1958 , Lejeune et al. 1959 
